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• TO MEASURE FREQUENCIES, 

|M»v<*r fniiii uii unknown soiim* t’aii Ik‘ 
alisorlNMl ill a ralibraUMl n‘.sonant i*in'iiil 
aiul iiiacie to o|N‘rat(* an intli<*ator. TTk* 
iiicli<‘ator ran Im* an iiK'ainlrsivnt lani|L a 
jilow liiU* or a ^alvanoinrtrr |mM tMl<Ml by a 
ilrhM'tor. This Hiniplr ami slrai^btforwanl 
iih'IIkmI nM|inn‘8 appnM'iabh* |M»w<‘r ami is 
liinitril lo fre<|ii4*mMrs for wliirli n^sonanl fin*iiits an* availabir. 

In a lirirroilym* fnM|iit*m*y inrlrr, tin* jKiwer nM|iiinMl from lli<* 
unknown soiim* to |>ro4iiirr U'at not«*s with a i-alibratnl osrillahir is 
sinallrr b\ si*vrral onirrs of ina^nitmlr, ami the fnMjiiriu’v raii'i** that 
<’an Im* rovrn*4l wilh a sinjjle os<*iIlator, s|>anning a two lo om* rang**, 
exlrmls rontiniioiisi> over 8<*vt*ral <b*<*a«b*s. 

If iIk* unknown fn*<juem*y is lower than the lowest fn*<|uem*v of the 
lietertNlyne <»s<*illator, barinonii’s of tli<* unknown an* ii.M'ii to |»nNlu«*e 
bi*ats with the oscillator fiimlamental. If the unknown is hight'r than 
the highest fn*4|U4*ney of the h«*lero<lyne oscillator, harnioni<*s of the 
osi'illator are useil. In 
either (*as4* the hartnoni(*s 
an* pnMliiced in a non¬ 
linear 4*lcinent of llu* het- 
enMlync fn*f|iiency meter. 

K\|icrience has shown 
that harinonitts up to the 
twentieth onler can be 
US4‘<1 ill an instruin«*nl of 
this ty|ie with a <*orre- 
s|M>miing spai’ing of 5% 
between fn‘cpieneies which 


FioimK 1. View of the Tvjk* 
720-A llefiTodyne Fre<HM*iicy 
Meter with cov<t removed. 
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proilucc adjacent Ix^als. It follows llial 
the ealibraled oscillator should have a 
range of approximately 100 to 200 
megacycles if unknown frequencies up 
to 3,000 megacycles are to he measiireil. 

'riie chief obstacle to producing a het¬ 
erodyne frcipiency meter for this range 
has l>een the erratic |ierformance of 
oscillators using conventional tune«l cir¬ 
cuits. Sliding contacts produce erratic 
variations in frequency and amplitude, 
\>hile changes in tuln'S ami siqiply volt¬ 
ages have much greater elTe<‘ts than at 
lower freipicncies. The ne\\ly develojM‘d 
lUitterlly Circuit,'** however, has made it 
possible to avoid most of these dilTi- 
culties. With the new Tvpic 720-A Het¬ 
erodyne l'reqiu*ncy Meter, which usi‘s 
the Ihitterfly Circuit, a freqiiencv of 
3000 Me can Ik* measured as conven¬ 
iently ami as ac<Mirately as tlios«* in the 
broadcast range. The low-fre<piency 
limit for normal us«' is about 10 Me. hut 
lower fn*(piem*ies can he measured if 
more than 1 volt at the unknown fre¬ 
quency is available at the detector 
input. 

'rile Tm’K T20-A Heterodyne Fre- 
queney Meter is a |K)rtahle hattery- 
0{K*rate«l instrument of small size and 
light weight, with unusually high sensi¬ 
tivity. 1'he panel view of the new instru¬ 
ment is shown in Figurt* 1. A complete 
set of ojK*rating instructions is mounted 

♦K. Kar}*lu*. "Till! lliiltrrfly Circuit.” ticnrral Radio 
ICxpfrirnimWr, Volume \1X, No. j, Oclolter. 1*111. 


in the removable cover. 'Flu* functional 
elements of the instrument are a cali-^*\ 
hrated oscillator, a detector, and an 
audio amplifier as shown in the sche¬ 
matic diagram of Figure 2. An internal 
view of the instrument is shown in 
Figun* 3. 

Oscillator 

'Flu* frequency of the heterotlyne oscil¬ 
lator is continuously variable he tween 
100 ami 200 megacycles. 'Fhe frequency¬ 
determining element is a tuned circuit of 
the hiitterlly tv|M‘, with rotiir plates 
sha(K*d to give an approximately loga¬ 
rithmic fn*qucncy distribution. I’lu* 
rotor is mounted in hall lM*arings. No 
sliding <*ontacts are iisi'd, and no current 
flows through the hearings. Smooth ad¬ 
justment of frequency ami stahilitv of 
(*alihration are tlu'refore assort'd. 

'Flu* main dial of the fivipiency meter 
is calihrateil directly in m<*gacy<*l<*s. 'Fhe 
si'ale is l‘»ng i^nd approximately loga- 
rithmic*. 'J’he gear ratio In'tween the 
tuned circuit and the vernier dial is over 
200 : 1. Over most of the freqiiencv 
range one-half turn of the vernier dial 
corresponds to 1^^ variation in fre¬ 
quency, and one division of the veniier 
dial to a frequency change of 100 parts 
|H*r million. ( nknown frt'qiiencies are 
measun*<l by producing heats with the 
calibrated heterodvne oscillator. Heats 
mav 1m* proiluced In'tween the funda¬ 
mentals of the unknown source ami the 



Fjguue 2. Schematic circuit diagram of the heterodyne frequency meter. 

Cnpyriglil.'i945, Grnrral Raditi Company, Cambridge, Masa., V.S.A. 
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li4‘U‘nHiyii(* oscillator, between liarinon. 
ics of the unknown frequency and tlu* 
lietenNivne fiiiulainental. iM^tween the 
unknown fundamental and harmonich of 
the lietercMl>ne oH4*illator, or lM‘lweeu 
liarnionicA of both the unknown Koun*e 
and the lielen)dyne oscillator. 

Detector 

'riie detector, in which the harmoiiM's 
of the known and unknown fnMpien«'i«*s 
anil their lM*ats or difierence fn*queneies 
arf‘ imMiuced, is a standard lN21B-ty|M* 
crystal detector, consistin*! of a silicon 
crystal and a tungsten wire, mounted in 
a small ceramic cartridge. The detector 
cartridge is lix-ated near the antenna in- 
|iul terminal and is held in place by a 
ring*sha|NMl spring. A spare detector is 
furnished with the instrument, hut, since 
the cartridge uscmI has standard dimen* 
sions. different makes and tyjies of 
detectors can Ik* substituted. 

Adequate input to the detector is 
usually obtained if the instniment is 
placed in the vicinity of the os<’illator 
whose frecpiency is to Ik* measured. An 
input antenna of adjustable length is 
|M‘ruianenlly iiioiinled on the front 
panel. 'ITiis adjustment is us<*d to im¬ 
prove signal strength when working 
with fn*quencies above 1000 Me, For 
frequencies lielow 100 Me, it may Im* 
necessary to connect an additional win* 
to the "input*’ terminal. 

Amplifier 

The thn*c-stage audio amplifier has an 
elTecfive band width of .lO kr and is con¬ 
nected to produce a deflection of the 
panel meter when a strong signal is im- 
pn*ssed on the detector. Fliis feature is 
particularly us«*ful when the fn*quency 
under measurement is not suflicicntly 
stable to pro<luee a steady audible lieat. 
Viidible lM*ats an* simultaneously heard 
in the small dynamic s|M*aker mounted 
on the front panel. Weak beat notes an* 


Kigl'ke 3. InU.»rior view showing the Imllerny- 
type tuned cin^uit and the Irx'ation of the work¬ 
ing and spare crystals. 

Iiest observed w ith a pair of headphone> 
plugged into the FIIONFS jack. 

Power Supply 

One Burgess 'I'yi’K 6'!’V(>(1 Batlerv is 
used to supply volts to the plates and 
1.5 volts to the filaments of the thn*e 
vacuum tubes us<*d. Ml necessary con¬ 
nections an? made by a battery plug at¬ 
tached to a short cable. The filament 
and plate loads an* well balanced, and 
the liatterv will give long service in 
intermittent use. .Since the heating up 
time of the tulK‘s is very short, the in¬ 
strument can Ih* turned ofT if appn*ciable 
time elaj>ses lK*tween measun*ments. 
The instrument can also Ik* o|K*rated 
from a rectifier fM)wer supply, ami a com¬ 
pact a-c j)Ower unit to fit the batlerv 
compartment will In* available later. 

Making Frequency Measurements 

'riie pnK'css of making fn*quencv 
measun*ments by the lietenMlyne 
method consists fundamentally of thn*<‘ 
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Hl<‘|i.s. I'lu* first is tf>(‘sluiilisli a brat note 
lM‘t\veen tiir iiiikiiowii soim'r and the 
lieterndwie osrillator. The seeoiid step 
is to deteriiiiiie the order of the lK*al 
oliM‘rved. aii<l tiu* third step is to de¬ 
termine the freipienev of the lieterfMlyne 
oscillator. 

Viith tin* Tyi»k T20-\ Ileti*rod\ne 
I’reipieney Mt*ter the last step consists 
iiiendy in n*adinp the direcll>-calibrated 
main dial of the instrument. The act*ii- 
ra<’\ thus (ditained is fb 1%. If hijiher 
a<*<*uraeies are desired, the true fre- 
<pienc\ of the heterodyne oscillator can 
be measun‘d in terms of a mon* accurate 
lou-freciuency standard. 'I'lie Type 
720-A then is niendy a convenient 
stepping stone iR'twt'cn the high un¬ 
known freipiencv and the low standanl 
fnMpiency. which are t«M> far apart to 
produce Iwat notes by thems<*lves. The 
best pnM’ediire to establish la'at iu»tes 
and to determine their order de|)<‘nds on 
whether the unknown fn^piency is in the 
range of the fundamental oscillator 
frequency or above or Indow. In general, 
if tbe "unknown*' friMpieiicv is known 
appro\iniatel\, a single la^at is suflicient 
t*» determine the fnopiency aciMirately. 
On the other haml, if the approximate 
value is not known, it will b<' m^cessary 
to note successive lM*ats until their 
pattern can In* iletermined. 

Frequencies between 100 and 

2 00 Me. When the fn'cpiency to be 
measun*d lies within the fundam«‘ntal 


range of tla* Tvpe 720-A ileleroilMie 
rn‘«piencv Meter, the unknown fn*- 
quency is read tlirectly from the main 
dial when a stnmg Is'at is obtained. In 
addition to this beat note, other weaker 
lM*at notes may Ik* heard. Tor example, 
if a fundamental fn*<pienc\ of l.vO Me is 
measured, a strong lN*at will In* edoained 
al a dial s**tling of ISO.O Me, and weaker 
lM*ats may In* lieanl at dial settings of 
l(M) ami 112.0 Me. Thes<* weaker lM*ats 
aix* produced iN'tween the 2d and ihl 
harmonics of the unknown frequency 
and the ihl and Ith harmonics of the 
'I’ype 720-A Oscillator. res|N*ctivelv; 
2 X 150 Me = 5 X 100 Me and 5 X 150 
Me = I X 112.5 Me. 

Frequencies over 200 Me. Tor fre¬ 
quencies which lie above 200 Me the 
prfK'edure is to start at the high end of 
th<* fretpiency range ami to note the suc- 
<*essive stMtings of strong harmonic 
beats as the fn*«piencv of the heterodyne 
osi'illator is progn*ssively n*du<*ed. If 
the fn*quenev at which one l^-at occurs 
is divided by the frequency <liffen*nce 
lH*tween it and a successive la'at. the 
r(*sult must In* an integer ami is the 
harmonic number of the sm*cessive beat. 
Exiimplv: \ high frc«pienc> is nit'asured 
and strong U'ats an* obtained at 200.0 
and lOO.O Me. Subtrai'ting the second 
lN*at from the lirst gives 2tM).0 100.0 

= 10.0. Dividing the lirst lN*at b\ this 
difference gives 200.0 lO.t) = 5. which 
is the harmonic numlH*r t>f the second 



DIAL SETTING IN MEGACYCLES 


Fi«;i «K 1, (’hiir! sliowini; iMilIrm i*f huniionic Im'mIs for an iiiikrio^i ii fn*<ni«*iic> of UOU rnrpai'ylfs. 
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In'cII. llonri\ tlir iinkiiouii rnMjiKMU y is 
^ o X l()0.0 = «00.() Mr. 

Ill iiiaii> rasrs il will lie possihli* to 
proilurr brats brlwrf n liarinoiiii's of thr 
iiiikiiown rnMfiiriiry an<l hannonirs of 
thr hrtrroilMu* osrillator. Thrsi* brats 
will usually l>r niiM*h wrakrr than tlu* 
lM*als |»riMlurr(l lirtwrrii thr iinkiiowii 
fuiulariiriital ami thr hrlrnulynr har- 
iiionirs. 'bhe chart of H^iire I jrivps the 
possiblr brats up to thr !hl harmonir of 
thr unknown usrfl in thr rxainplr abovr. 

Frequencies under 100 Me. Tor 
fmpirnrirs whii'h lir lirlow 100 Mr, ihr 
juorrilurr is to start at thr low rml of 
thr fnMjueiiry raiigr ami to notr thr 
riirrrj^sive srltings of lirats as thr frr- 
ijiiriiry of thr hrtrro(l\nr osrillator is 
I rogiessivriy iiirrrasril, "I In* frrquenry 
iliffrrrnrr Ijrtwern two .surressive liral 
>-ettings is npial to thr unknown frr- 
qurm*y. Extiniplv: A low fmpirnry i.s 
mrasiirril ami brats arr obsrr\r<l at 
10.1.0. llO.i) ami 1 ;Ai.O Mr. Thr frr- 
ipiriir) diffrrriirt* iM'twrrn siirrrssivr 


Iwats is \xA) Mr. whirh is thr fmpirnry 
lH*itig rnrasiiml. 

Wavelength. Thr w avrirngth in 
rrntimrtrrs is obtainrd with suflirirut 
arriirac'y by ilivitling 'A X 10’** b\ fn*- 
ipirnry. In most appliratiiins rlrrlro- 
inagnrtir wavrs arr i*hararlrrizr<l b> 
thrir fr«*<pirm*y, but in soinr probirms 
thr iisr of wavrirngth may Im* morr roii- 
vriiirnl. It has brrii shown in thr para¬ 
graph rntillril 'Tmpirm’irs ovrr 200 
Mr” abovr. for instanrr, how an un¬ 
known frr<pirnr> ovrr 200 Mr <’an lx* 
(Irlrrminril from tin* two fmpirnrirs of 
thr hrtrnjdynr osrillator whirh produrr 
surrrssivr liral notrs. If all fr<*ipirnrir8 
arr romrrlrd into w avrirngth. thr 
wavrirngth of thr unknown is simply 
thr diffrrrnrr brtwrrn thr two wavr- 
Iriigths which proilurrd thr surrrssivr 
lM*at notes. Example: KiO and 200 Mr in 
thr rxainplr abovr rorresjxmd to 187..'^ 
and l.’iO <*m. Thr <linri*rm*r of 37..S rm 
rorrrsponds to 800 Mr. 

Kin viii) K s 


SPECIFICATIONS 


Frequency Range; TUv rmiduiiiriuul fro- 

qiirnry ranj;r is from 10(t lo 2tK) \Ic. 'FIh!' ruiici* 
is covcnMl in a sinfilr liaiul willi a|tpro\iniutrly 
lo^aritliniic freqiieiiry dislrilnjlioii. 8v liar- 
mtiiiic mi'tliods. frequencies lielween 10 \lc an«l 
.3000 Me can In* measured. 

Calibration: The main dial is calihrated in 
fre«|iienc\, each division corres|M>iulinp l«» t 
Me. TTie vernier dial is •reared to ihe Inning 
iinil l(» make one-iialf turn of the dial eorre- 
spond to Mr change in frt*f|iienc\ over the 
major part of the timing range. T'In* \ernier dial 
carries JOO iinif«>rm divisions. 

Accuracy; The overall accuracy i^f nwasiire- 
rneiil is 0.1' ^. f .hunges in tiihcn or hattery volt¬ 
ages and xarialions of tcrnperaliire and hu¬ 
midity over tin* range of lalioratorv (*onditions 
normallv eneonntered tlo nol afft'i'l the ai*- 
ciiracv of the instrument. 

Detector ; Om* eartridge-type crystal detector 
(IN2I-H) i.s iiM'd and is 8up|ilie«f yyilh the in¬ 
strument. 

Tspr 


Vacuum Tubes; TTie following tul»es are 
used and are supplied witli the inslrumeiit: 

I —t’yi'k iN.icrr 
I — Tvi-k ir)K(;T 
1 — Tyhk 958 

Battery ; A single-block Burgess Type 6TA60 
Itatterv is used and is supplied with the instni- 
riient. The [M>wer reepured is approximately 80 
volts. (> ma and l.t volts. 2.50 ma. 

Case ; The Type 720-\ lleterodyiie Frequency 
Meter is moiintetl in a shielded carrying case of 
durable airplane* luggage construction. 

Spare Parts: One IN21-B-type detector is 
stipplieel as a spare in addition to the one in the 
instrument. 

Accessories: Headphones which can he 
plugged in on the front panel ami stored in the 
ceiver of the instrument arc rt^'ommemled. 
Dimensions; Overall, (width) 12*2" X 
(height) I3*/‘2* X (depth) lOVij". Banel, (width) 
1034’^ X (height) IM^/. 

Net Weight; Including battery, 27?4 poumis. 
(linlf If onl Privv 


720-V I leleriMly ne Frequency Meter KvM'.v .S2.50.00 


'I lli^ iiiKtriiiiiriil i>> iiuinuroiMiiriMl ziiiil miIiI niiiirr (i> 11.1101)18 •>! tlio \itirricaii Toleplione unti’IVlo|ira|)li (i^iiiiputo . untl ( 2 i 
I . .S. Paiciil N.». 2 .:i(* 7 .lHI. 
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HOW HUMIDITY AFFECTS INSULATION 

PART I —D. C. PHENOMENA 


TTu* incrt^asiiig us4‘ of elff- 

triral rqui|>nH‘nt in tn>pical climates lia» 
math* iiei*e»i8ary a la'ller iin(l<*r8taii<ling 
of llu* heliavior of iiisuiation iiniler ♦•x- 
tmiK* ron<litioniii of huniidity. Gent'ral 
stutciiicnt8 such a.s "At 100% relative 
hiiiiiidity anti a fret|iieiicy of 60 cycles, 
inrn‘ase8 as iniieh as 50% in capaci¬ 
tance, of a inillionfolil in eontliietivity, 
anti lip to a tiissipation factor of l.O, are 
4|uite |K>ssil)l4* for such [loniiis materials 
as lilletl and laminated tliernio-s<‘tting 
plastics, many thermoplastics and nat¬ 
ural fibers like cotton, wtwil, and silk"' 
are tpiile inadequate. How long tioes it 
lake to protiuce these < hanges; how 
niut'h less is the effect at lower humid¬ 
ities; what hap{)ens at other frequencies; 
are there any n^ally good insulators that 
are unaffected? It is the ohject of this 
article to give some sort of answer to 
eatdi of these questions and to make a 
lieginning at sorting out pn^sent com¬ 
mercial insulating materials according 
to their resistance to moisture. 

Electrical Properties 

T’he electrical projierly most affected 
by moisture is insulation resistance. 
'ITiis is made up of two parts, surface 
resistance and volume resistance, which 
exhibit vastly iliffertuit behavior, es|ie- 
cially with resjiect to time. Volume re¬ 
sistivity is an inhertuit pnqierty of a 
material, which is at a maximum under 
tlry conditions, anti tlecreas4‘s rapidly as 
water is absorlietl. Surface resistivity is 
infinite for a clean dry surface, but de¬ 
creases verx' rapidly as any foreign tum- 
ducting material adheres to the surface. 

ater adheres to the surface of most in¬ 
sulators and is absorlied by them under 

'H. 1'. Ftd*!. ‘*Thr tUTcct u( lluuutlio on KIrrtnral Mro*- 
itrmiriit-,** Crwtfd HaJio tlxfitrimentfr, Vol. X\ lit. No. 11. 
A|ir.l. I‘H4, p. j. 


coiiilitions tif imint^rsion or high ndativc 
humidity. TTiis water film, even though 
pun* initially, In'ctmies ionized from car¬ 
bon dioxitle in the atmosphere, from 
solution of salts on the surface t>r in the 
water on immersion, anti frtmi slight .so¬ 
lution of the insulating material itst*lf. 

TTie n* la live im|H>rtanct‘ t>f these two 
intHles of ctmtluction, surface anti vol¬ 
ume, deiN'iitls greatly on the sha|N* of the 
sample under test. For the slab of insula¬ 
tion shown in Figure I the surface anti 
vtilumc resistances are, res|M*ctively, 

S = a — -: anti H — p — 

2(ic -h 0 wt 

where tr = surface resistivity (intle|H‘ntl- 
ent of units) 
p = volume resistivitv 


Sinoe the ratio of surface to vtdiimt* n*- 
sistance 

S a lit 

« ^ p^ic-f t) 

is inde|M‘ntlent of path leiigllu it can be 
minimizt'tl by making the slab as thin 
as |>ossible. The samples usetl for study¬ 
ing insulation resistance are In-tween 
}f (5 and inch thick and have bar elcc- 
Irotles so placed that the surface area is 
usually a square, so that surface resistiv¬ 
ity is apprt>\imately twice the insulatitm 
rt*sistance (volunit* resistance being as¬ 
sumed negligible). Fhe electrodes are 
attached by a center bolt through a hole 
in the specimen or by tw<» enti btills.* 
Kei^istance is measured on a T'ypk 
S i4-BS8 Megohm Bridge,’ on which, at 
506 volts, a resislanct^ t)f 10 \I VI can 
Im* distinguished from infinite resistance. 
TTie sample is mtiunted on the metal top 
of a glass tlesiecator jar. T’he terminals 

*AST.M D2.S7 :18. ItMuhlitiii KeMcUtitY <>r fcict lri.-4l Ihmi 
Li I ini .MdtcrtJiU, Fiiure* I «im1 2. 

niiM mudrl Uaii a rmiatanre raiifr lU tinim irealrr ilian 
ibat of tbr atandard bridic. 
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Fi(;i UK 1. Dimension sketch of lest slab of 
insiilntion. 

art‘ iiiounlcMl on Type 138-L L Binding 
l*osl Asseinhlms with llic metal lop con- 
iUM‘letl to the ;i;uar(l terminal of the 
bridge. Exe<;pl for a few of the |K)oresl 
materials, tin* insulation resistanee of the 
sample when dry is greater than 

lOMMn. 

Effect of 100% Relative Humidity 

When any sample is placed in an at- 
mos|»hert: of 100% relative humidity/ 
an ionizeil conducting lilm of water 
forms within a few seconds. Vi ithin one 
minute its resistance drops to a value 
about a decade above its linal eipiilib- 
rium value in the manner shown in 
rigure 2 for four inateriaLs which either 
have no volume absorption or a neg¬ 
ligible amount within the time indi¬ 
cated. The (piantily plotted is surface 
resistivity. For some materials the 
equilibrium value is8tea<lily approached, 
while for others there is a minimum 
value and a slow rise. These diffenuit 
forms result from the divergent effects 
produced by the applied voltage in 
sweeping ions to the electrodes ami in 
forming new ions by collision, a process 
which results in a voltage cot*fhcient of 
resistance. When the bridge voltage is 
not applied <’ontinuously but only mo¬ 
mentarily for a reading, the measured 
^ resistance is decreased, but returns to its 
larger value when the voltage is niain- 

MIIttuiiitHi by filUng ihc tiane nf tlic iJe8ict'alor jar willi water 
ami iiaving a r«>vrr (mi ftir f«iur liour# previuualy. 


lained. Tliompson and Mallies® have re- 
IKirted a similar elVecl. This behavior is 
shown by j 3 olyelhylene for which the 
voltage was removed for 16 hours with a 
tenfold decrease in resistance w hen the 
voltage was reapplied. But witliin 15 
minutes its resistance was up to the 
earlier value, showing that the water 
film did not change with time. If, how¬ 
ever, dew' point condensation is pro¬ 
duced by initial cooling of the sample, 
the water film is both more conducting 
and thicker, as shown by the two curves 
for polystyrene. Proof that the iilm is 
tliicker will appear in the next piu'a- 
graph. 

Recovery 'at 0 % Relative Humidity 

The degree of j>ermaneucc of the w aler 
film is demonstrated by transferring ibe 
sample to an atmosphere of 0% Ull.^ 
For the materials of Figure 4 the initial 
resistance is recovered within 10 
seconds.^ Even this short recovery time 

‘II. H. ‘rh<)iii|M4jn. K. N. Molhea, "Eloolrrjlylic Clorro- 
sion — MuUhmIh of EviiliiiiliuK liiMibitiitK Miileriub ii.s4xl 
in Tropical S«?rvioe'*, AIEE TruuMitcliooi. Vol. Juno 
1V45, p. 297. 

Figcrb 2. Plot of surface resislivitv vs. lime f»»r 
four materials having iicgligihle volume absorp¬ 
tion within the time indicated. The left-hand 
portion of the plot shtm-s the surface resistivity 
under the conditiou of 100% relative humidity 
for time up to UNKI minutes, where the time 
scale repeats for the right-hand portion, wliich 
shows the recovery time at 0% relative 
humidity. 
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is prohuhly set iiion* l»> lli(‘ nuliiral ilif- 
iusioii rale ol’ualer \aporoiiU\anl lo ihe 
silica ^el than l»y any 8|>fei(i<* projMTly 
of these* inalerials. Pt>r the thick film 
|>r<Hliie<‘<l on polystyrene l>\ «lew jKHnt 
(M)n(lensation. I he rapid rise* in resistance 
is halted after a feu seconds because the 
rt*lali\<‘ humidity immediately siirroimd- 
in« the specimen is no lonii£er 0%. 'Fhe 
lilm is redistriimted. and only after one 
minute d(M*s resistance start to rise a^ain 
to regain its initial resistance after I 
minutes. "I he use of forced ventilation, 
even at a room humidity of 30% KM. 
removes the film in 10 seconds. 

'I’his shajM* of the recovery curve, in 
\vhi<'h there is a rapid rise, a slow <lrop 
during redistiihution and a final rise to 
initial value, seems to he characteristic 
of those materials having no volume al»- 
sorption uithin the time of the measure¬ 
ments. uheii hy various means the film 
is made sullicientiv thi<‘k. Curves for 
Ivvo gra<les of mica-filled phenolic are 
given in Figure 3. Sample \ recovers 
u ilhin 10 seconds after an exposure of 90 
minutes to lOO^j, KM hut requires II 

'I MilaiitrtI !•> rilliiiK tlir lia^ iif tiir ilr>«/«it>alur jar miIIi nilii'a 
Krl iiimI Iiu\ tun Q •'•ivrr nu fitr rmir . 

H’hp liniiKr ia ul iiifiiiilr ainl llir liiiir to 

rrliirn lit tiuiiiiirr ii- niruHiirr«l l»> a flop Mairh. 

Figlkk I. (/t'/t) IMol showing how relative 
hutnidity affeclH ihe exiiosiire curve h>r |»oly- 
ethv feiie. 

Fn.i HE 5. (rifiht) lM|iiilihriuin surface resistivilv 
for polvetiiyleue a fiiiielioii of relative humi¬ 
dity. 'File expouriitial relaliouHhi|» is eharaeter- 
istie uf all insulating materials. 


I 






Fn;i KE 3. hlxposure and recovery' curves for 2 
grades of miea-lilled phenolic. Apparently, 
small differences in surface iiiiish result in large 
difTerences in surface resistivity. 

minutes after a 16-hour exposure. Sam¬ 
ple K shows a much lower stirface resis¬ 
tivity ami the typical recovery curve 
after only 20 minutes exposure to 100%; 
KM. Forced ventilation removes the 
films from both materials iti 10 seconds. 
Several other materials show this effect, 
as shown in "Fable I, which will he tlis- 
ciissed later. The exact sha{x* of the re¬ 
covery curve can extend from that of 
vinyl chloride acetate, which rises above 
10 M M12 before the drop, to that of 
quartz after dew point condensation, 
which rt*mains at its 100% KM value for 
2 minutes before the final rise to initial 
value. 

Effect of Other Relative Humidities 

\\ hen materials are plai'ed in humid¬ 
ities less than 100% KM, their eipiilih- 
rium resistances are higher and the 
water films presiimahly thinner, (’airves 
(ditained for polyelhyleiie are shown in 
Figure 1.^ The ndation between the 
eipiilihrium surface resistivity ami rela¬ 
tive hiimiility is exponential, as shown 
in Figure .3, where the plot of the loga- 

'Drriiiilr liiitiiitJilin* an* olilaineil l»> piariiig r>aliirali*il wolii- 
lioiin of various ruiltft in ibr jar. ’Hic kiIim lim'd ur«* 

NM foItoHh: 

' , Kll .12 4.1 .12 Kl m 

.Salt CaCIj KjCOi NuaCr-O: NiiNO, (MI«)>S ()4 Na.SO, 
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rilliiiis of roiiislivily ajjuinsi rela- 

live hiimiility is a straight lin<*. This 
ugriH»s (|iiit(> well with the work lioiie liy 
(iiirlis in on the available insula- 

lion of that day. 11 is plots were iK'arly 
linear from HH)% Kll down to about 
50% Kll ami then llattened to a (con¬ 
stant value of resistance defined hy the 
vcdiime n^sistivity of the sample. The 
greater simsitivity of his apparatus al¬ 
lowed him to measun* 100 k\IMi2 and 
to carry the observations down to 0% 
Kll. Surface resistivity at anv relative 
humidity. 11%, is l»est defined l»v stating 
the surface n*sistivity, criooat 100% Kll 
and the change in n*lative humidity h 
whi(’h changes the r(*sistivity by one 
decade. Then 

. 100 - II 

l(,u a = -- — log (Tioo (5) 

Effect of Volume Absorption 

Noliimc ai)sorption of watet* into the 
body of an insulator provides lH>th a 
xdiimc condiictamv and a storage <»f 
water. whi(*h on drying out must pass 
out through the surface. Long lM*fone 
(‘Hough water has lM‘en absorlN‘d to re- 

"11. L. C.iirlin. ''ln•lllali^|C iVtvitrrlir- of .Siliil l)irlr«’lH«V*, 
Kollrliii «if itiirraii of SlandardA. \oi. II. No. 3. Mav 1913, 
li*. 334- 120. 


(luce v(dume rcsistaiK'c to a \ahic at ail 
(’omparable to surface n'sistance, the 
shajM* of the r(‘covcr\ curve is (‘hanged. 
In'caiise the absorla'd water tends to 
maintain the surfa(‘e film. Surface iv- 
sistivities for four materials having ap- 
pr(‘ciabl(‘ volume absorption are shown 
in Figiin* 6. Their r(*co\er\ curves rise 
slowly and re(piire more than 10 minutes 
t(» attain initial values. SoiiK'thing more 
than amount of water absorbed deter¬ 
mines the rate of rt'coverv, since the 
laminat(*d paper and asbestos-filled phe- 
n(dics absorb much more water than 
glass-bonded mica or sheet nii( a. 'I'his 
may Ix" the iiKdeciilar forc(‘ which ludds 
the water film to the surface. 

For high rates of v(dume abs(»rpti(»n of 
water v(dume resistam.'e at 100% HU 
lK‘C(uiies coiTiparabl(‘ with surface n‘sist- 
ance In'fore the e(pjiiibrium value of 
surface n'sistance is attaiiu'd. 1'he 
r(‘sistance-time curve then continues 
downward at a rate de|N‘ndent u|N>n the 
rate of water absorption, 'riiis cfTect will 
first ap|M‘ar in the curves for the lower 
humidities. b(‘(’au.s(‘ the rate of water ab¬ 
sorption is probablv iiKh^iH'iident of r(‘la- 
tiv(‘ hiimiditv so l<»iig as a surface film 
exists, while the surface resistance in- 


ri(;i BK (>. l^\|M>^ill^e uiid rceovery iMirv**** for 

four matrrials lia\ ing apiiriH'ialile volume ah* l*'i(;( bk 7. KxiHtr^iire uiul n‘4*over> eiirves for 
•Mirptioii. Snell nialeriais tiliow, in fieneral, a (H4 i matenal>« fiaviiig so large a \oliime al»S4ir|e 

siiBKillier reeoverv' curve, (‘xtending over a lion that an ei|(iilihrinrn value of surface ri*si.-- 

time eomparafile to the ex|M»siire lime. tivily cannot lie ohserved. 

(I 7 
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rrea8e8 \\itli IowchmI liiiriiidity. These 
liistinclions are shown in Fi| 2 mn* 7. The 
surface resistivity of viileani/e<l fihn* at 
100% KM is so lovk that eqiiilihriiiin is 
attained at 00 ininiiteH laTore volume 
resistanee I’an have an efleet, while at 
81% RII vohiine n'sistanee laToines 
eoiiiparahle to snrfaee resistanee within 
10 minutes, prevents eqiiilihriiirii, anti 
eaiises insulation resistanee to tleerease 
directly wilh lime. Polyamide has a rela¬ 
tively hiph snrfaee resistivity, st> that 
even at 100% Kll its volume resistanee 
iM'fomes eoinparahlt* to snrfaee resist¬ 
anee within 10 minutes and pn^vents 
any etpiilihrium value Immii^ attainetl. 

On eontinued expt)sure to hi^h humid¬ 
ity exteiitliiij; over tlays anti weeks 
rather than lituirs, volume eontliietivity 
steadily inereases in pro|)ortion to the 
water ahst>rlNMl and in most materials 
iltirninates o\er surfate t*onduetivity 
even at 100% KM. Kline'® has piven a 
list of the times neeessary lt> reaeh satu- 
ralitm ft>r 22 materials. The values e\- 
leiitl frtun 2 tlays to 2 years. 'rhe> tle- 
|»entl both on the striietun* of the mate¬ 
rial and the sha|N* tif the sample, partieu- 
larly the ratio of snrfaee to volume. 
iSeheer" has nieasun^tl the insulation re- 
sistant'e t>f several insidators over a 
|H*rit>tl of .lO days anti finds that resist¬ 
anee etpiilihrium is usually attainetl 
within that time. It is im|N>rtant tt) note 
that of the total tleerease (6 to 7 tle- 
eatlesj in insulation resistanee fnun the 
initial tlry value snrfaee n^sistanee ae- 
eoiints ftir the majtir [»arl, whieh is 
usually suOit'ieiit lt» rt'iitler useless any 
instrument in which the material is 
us4m 1. Volume it‘sisfanee tinly aeetiunts 
for the last t»ne or twt> tlet^atles, liiit 

“XI. M. Klinr. K. Martin. U. A. of 

Water br IMaotiiV. 1‘nM'miMit* «if Ainrrii'aii Snirlv fnr 
Matrrtalo. I'Uti. pi* 127.1-I2II2. 

>*F. II. Srherr. "Sluilr of Moi»tiirr FnM 4 rtix 'I'rralniml for 
Plicfu 4 ic lUMrifO t'^inipanr ltc|Nirt Colonial KailKi 

(jorp. 


makes the red net ion |N'riiianent to the 
extent that the reeovery time will Im* at 
least as Itinp as the exptisiire time. 

Collected Data 

Sune 40 materials are arranpetl in 
I aide I in the order of deereasinp sur- 
fa<*e n^sistivity after ex|M>sure to 100% 
KM, ranping fnun greater than 20 .\| MS] 
to do M The |K>sition of eertain mate¬ 
rials is most surprising and may n«>t U* 
typieal. \ll samples were washetl in 
grain aletdiol to remove tlirt, hut some 
greast; and other suhstant'es may remain. 
At least they were as clean as they 
would lx* in actual list*. Only one sample 
of a kind was tested so that there is no 
mea.sure of the magnitude of normal 
variations. However, the n'siilts are re- 
fiealable on the same sfMM'irnen lAithin 
50%. \X here more than one sample of a 
kind is given, they art* known to tliffer 
or an* made hy different maiiiifaetiirers. 
It is known that very small amounts of 
plasticizer can greatly change the sur¬ 
face hehavitir and lume of the sam|de^ 
was furnished for this particular lest. 

The slojK* of the straight line plot nf 
surface resistivity against relative 
humidity is given in tlic sectuid cohinin. 
and in the thinl column the relative 
humidity at which the surface resistiv¬ 
ity is 20 M M r>. .‘since for most of the 
materials this value of relative hiimiilitv 
is gn*ater than 50% Kll, it is easy to see 
whv n iative humidities less than 50% 
KM an* considen*d to have little effect 
on insulation and also why that value is 
a giMid standanl nHUii hiimiility. Mate¬ 
rials with volume ahs<»rption inav In* 
conditioned at that hiimiditv without 
having any appn'ciahle surface resist¬ 
ance. 

'I'he last three columns give the re¬ 
covery times in minutes after 1 hour and 
16 hours ex|msun* Xu 100% KM and 
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Material 


9 


Vtiuf 
per decade 
change of a 


^cRJ4 for 

20 MMii 


Recovery time in miiiiiti^a after 
100^^', Rif f*»r Dewpoint 

- coiideriiia- 

I hr 16 lir» tion 


MM« 

lfydrocarlM)n wax, iiuMlilied >20 
CelliiloHc acetate butyrate >20 
Silicone nihber 10 

Polvtetrafliioroetlivleiie 3.6 

kWil 

Polyjityrene (sheet) If 10 

Polydichloriwtyreiie 2-5 29 

]lydn»i*arhoii wax 20 

Kthyl cellulose 13 

CcIhiluM* acetate 7.0 

Polyvinyl chloride acetate 5.7 

Pt>ly»tvrcuc (plastici/eil) 5.0 

Phenolic, mica-rdh'tl 5.0 

Aniline formaldehyde 4.2 

Polyamide 3.H 

Porcelain, ^la/ed 3.7 

Glass (hieh K) 3.4 

Mica 3 0 

Polystyrene (molded) 2.4 

Polystyrene (plasticised) 2.4 

Steatite (l,-3) 1.6 

Quartz 1.4 

Polvethvicne 1.3 

PhJnolie, \X 13 

Phenolic, usbestfts lilleil 1.2 

Mil 

Phenolic, XX\P f)60 

Steatite (L-1) 640 

Phenolic. LK 500 

Phenolic, mica-lilled 320 

Steatite (L-l) 280 

Polydichloroslvrene 3-4 240 

Phenolic, cellulose lilled 2‘10 

.\niliue fomialdehyde, glass 
matte 2*10 

Pheiiolicr. C 220 

Viilcani/etl Fibre 220 

Aniline rornialdehvde, glass 
cloth ' 200 

Quartz 190 

Phenol fornialdchvde (plasti- 
cizeil) RH) 

(vlass (sintered) 90 

(rluss bonded mica 64 

Melamine, glass cloth 38 

Phenolic, niico filled 30 



100 

.0 

.0 


100 

.0 

.0 



.13 




.17 

.17 


93 

.13 

.13 

7 

79 

.17 


13 

.56 

.17 


9 

70 

.33 

.5 

6 

77 

1.0 

6 

12 

.58 

6* 


4 

83 

17 

62* 

9 

66 

.17 

13* 

t 

82 

.17 

20* 

14 

48 

2(H) 


15 

42 

2..5* 


10 

59 

17* 

20* 

12 

50 

11 


10 

58 

17 

17 

8 

fit 

.11 

.17 



.17 

.75 

9 

63 

.17 

17 

16 

45 

80 


9 

61 

1.5* 

KM)* 

15 

25 

300 




5 

1 

18 

16 

4(M) 


8 

.58 

40* 




.33 


6 

71 

.33 

5.3* 

10 

49 

400 


9 

5(» 

14 

l(NM) 

16 

20 

300 



0 

6000 


12 

57 

3 


12 

34 

25 


18 

31 

4(K) 


14 

It 

300 


11 

32 

7* 



after dew |K>int eoiuh^ii^ation. .Any time 
u|> to 0.25 minute (15 six’onds) indieates 
no volume absorption. Any longer time 
wliieli is starred (*) refers to the shape of 
recovery curve characteristic of non- 
|M)rous mulerials, for w liich forced venti¬ 
lation will give a recovery' time of less 
than 0.25 minute. Other large times indi¬ 
cate volume absorption under the condi¬ 
tion noted. 


Many intert*sting facts may 1 m‘ gleaned 
fnmi this table. 'Phe high position of 
cellulose acetate-butyrate is surprising 
when it is it'alized that this material 
will absorb about {% of water in 24 
hours at 100% Kll. This water must be 
kept in unconnected |HM'kets to prevent 
conduction. A sample with 4% of water 
still has a resistance greater than 10 
.MMif. Eventually the water in the 
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i64>laUMl |M><‘ket8 joinn and provides nor¬ 
mal volume resistance. Glass, quartz, 
steatite and mica are well dowm in the 
list and probably would lie lower if their 
surfaces had been maile jierfectly clean 
by hij:h temp«'raturc baking. Silicone 
nddier is third from the top and illus¬ 
trates the valuable water-rejiellent prop¬ 
erty of all silicone resins. Treatment of 
materials containing silicon, such as 
glass and quartz, by the sjiecial silicone 
n'siiis which produce a molecular layer 
several hundred molci'ides thick makes 
the treated surface completely water- 

MISCE 

• At Oregon State (^dlege on June 10, 
the honorary degrt‘e of Doc'tor of En¬ 
gineering was conferred u|K>n Aielville 
East ham, founder and former president 
of the (General Radio (Company, now 
(diief Engineer in charge of research and 
development. 

• A PAPER entitled '^Wartime I’roh- 
lems of a Manufacturer of Engineering 
Proiliicts” was delivered by A. E. 
I'hiessen, V^ice Pn*sident of the General 


re|iellent, even under hot salt spray and 
salt water immersion. A similar treat- 
men! of steatite affords great improve¬ 
ment, but is not always entirely sucm’css- 
ful. A non-|K>rous eeramic pro|>erly 
treated with silicone resin is unaffeciecl 
by moisture and is as nearly a jM‘rfe<'t 
insulator as exists at pn*sent. It is (piite 
|M>8sible that certain plasties, especially 
the silicone it‘sins, will also meet this 
S|M*cification. 

— Robert F. FiKi.n 

Part II on A. C. Phenomena will ap- 
|)ear in an early issue. 

LLANY 

Radio Company, In^fore the (edar 
Rapids, Iowa, Se«*tion of the Institute of 
Radio Engineers on April 1^, and at a 
meeting of the Chicago Se<*tion on \pril 
20 . 

On April 27, Horatio W. Lamson, of ^-v 
the General Radio Engineering Staff, 
addressed the Boston Section of the 
Institute of Chemical EnginiMTs on the 
subject of "Time and Time Measure¬ 
ment.” 


GENERAL RADIO COMPANY 

275 MASSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSACHUSETTS 

TELEPHONE: TRDWBRIDGE 4400 

BRANCH ENGINEERING OFFICES 


NEW YORK I. NEW YORK 
10 WEST STREET 
TEL,-WORTH 2-$l37 



CHICAGO S. ILLINOIS 
120 SOUTH MICHIGAN AVENUE 
TEL.-WABASH 3120 


LOS ANGELES 38. CALIFORNIA 
1000 NORTH SEWARD STREET 
TEL.- HOLLYWOOD 8321 
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